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SUMMARY 


' A process for regenerating spent pickle liquor is proposed in which some 
of the water is evaporated at atmospheric pressure and ferrous sulfate is pre- 
cipitated as monohydrate crystals, Equilibrium conditions are set for a slurry 
of crystals in a mother liquor containing 5 percent FeSO, and 45 percent HoSO,, 
by weight, and boiling at about 235° F. The slurry is pumped continucusly to 
& filter, and the mother liquor from the filter is pumped back for reuse in the 
pickling tanks. The net result of the process is to remove ferrous sulfate in 
the regeneration plant at the same rate as it is produced in the pickling tanks. 


This process is integrated with the steel-pickling operation and con- 
trolled by the pickling requirements for particular steels. Spent pickle 
liquor is removed for regeneration continuously from both batch and continuous 
picklers at higher acid concentrations than would be dumped to waste because 
no acid is neutralized or discarded, However, the process is not designed to 
keep a sulfuric acid concentration stronger than 25 percent in any pickling 
tank, To retain flexibility in the pickling overation, all acid makeup is 
added to the pickling tanks. Rinse waters are uscd as water makeup for the 
‘pickling tanks. To further minimize waste of acid in the rinse waters, in- 
provements of rinsing practices are outlined. | | | 


With this process pickling time is decreased because pickling tanks are 
no longer operated at low acid concentrations. Furthermore, production of 
steel from batch picklers is increased because a constant high acid concentra- 
tion is maintained and delays due to dumping, refilling, and reheating pickling 
tanks are eliminated. Quality control of batch pickling becomes much mre 
efficient because acid and ferrous sulfate concentrations in batch pickling 


tanks are kept constant. 


Through recycling of the free acid and roasting of the ferrous sulfate, 
the sulfur and the iron in spent pickle liquor are reused. Thus a substantial 


saving of sulfuric acid is possible. 
INTRODUCTION 


_ When steel is being shaped surface oxidation is wmavoidaole, because 
while it is heated for shaping and also during the shaping, oxygen of the air 
forms FeO, Feo03 y and Fe30), on the surface, These oxides, identified as scale, 
mist be removed if the steal is to be processed further, Cold-rolled steel 
sheet and strip would not be uniform and would have objectionable surface in- 
perfections if the scale were not removed before cold rolling. Furthermore, 
the scale would. cause excessive wear on rolls and dies in cold rolling and 
drawing. Also, metallic coatings would not alloy and adhere setisfactorily, 
and nonmetallic coatings would not adhere if the oxides were not removed. 
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Part of the oxide is removed mechanically with high-pressure sprays, 
scale breakers, and shot Blasting. However, pickling, or chemical treatment of 
the steel surface with an acid-water solution called pickle liquor, mst be a 
final step for satisfactory removal of scale, Sulfuric acid is the most common 
acid used for pickling, According to information from the National Production 
Authority, approximately 1 million tons is used annually in the United States. 
It is low priced, has a negligible vapor pressure in the concentrations used, 
and among the common acids requires the least storage capacity per ton of 106- 
percent acid. Hydrochloric, nitric, phosphoric, and hydrofluoric acids also 
are used for pickling, but their combined tonnage does not equal that for sul- 
furic acid, This paper presents a process to regenerate spent pickle liquors 
from picklers using sulfuric acid; therefore, further reference to acid will 
be to sulfuric acid. 


In pickling, the sulfuric acid forms ferrous sulfate with the iron of the 
steel as well as with the scale, Inhibitors, which are complex organic com- 
pounds, are added to the pickling solution to reduce to a minimum the reaction 
with the iron. Some picklers use wetting agents to reduce the surface tension 
of the solution and thus permit its easy penetration between cracks in the 
oxide coating of the steel surface. As pickling continues, the acid concen- 
tration decreases, and the ferrous sulfate concentration increases, The pickle 
Liquor becomes spent and is discharged before the ferrous sulfate can precipi- 
tate. If the ferrous sulfate did precipitate on the steel surface, the steel 
would be just as unfit for further processing as when it was coated with oxide, 


Steel strip and steel for tin plating are pickled in continuous picklers. 
A continuous pickler is a series of 4 or 5 covered tanks, each approximately 
79 feet long and filled with the pickle liquor. The steel passes through 
these tanks as a continuous strip at rates up to 600 feet per mimute, The 
time of contact between steel and pickle liquor is about 1 minute. The steel 
strip is delivered coiled to the picklers; there it is uncoiled, passed through 
@ scale breaker, then through the pickling tanks, finally through rinse tanks, 
and then recoiled, Continuity is obtained by welding together the ends of the 
strips, and the continuous strip is cut as coils are re-formed. The pickle 
liquor is kept at temperatures approaching the boiling point by direct addi- 
tion of steam. The acid concentrations in the series of tanks are graduated, 
with the highest concentration in the steel-exit tank. Some installations 
isolate the liquor in each tank, and part or all of the contents of each tank 
is dumped as the liquor becomes spent. In modern continuous picklers the 
pickle liquor cascades from the steel-exit tank progressively through all the 
tanks until it is discharged continuously from the steel-entry tank. Water, acid 
mekeup, and inhibitors are added continuously to modern continuous picklers. 


Carryover from the continuous pickler tanks to the rinse tank constitutes 
an important loss of pickle liquor. The concentration in the steel-exit tank 
is kept highest to insure removal of the last traces of scale, and at the high 
speed the steel travels as much as 15 percent of the acid used, and sometimes 
more, is carried over to the rinse tanks, The volume of rinse water discharged 
may be 5 to 15 times that of spent pickle liquor. Dilution of the acid in the 
rinse water makes recovery of acid or of any byproduct from the rinse water 
economically impractical. Where neutralization must be carried out to conform 
to State regulations, the size of the equipment required to neutrelize rinse 
water plus spent pickle liquor is very large. 
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Batch picklers are used for bars, plates, sheets, pipe, rod, and wire. 


_, Batch picklers are open tubs or vate in which a bath ofaci solution is kept 


at lower temperatures than is usual for continuous pickling. The steel being 
pickled is placed in the bath from 5 minutes to well over 1 hour, depending 
on the type of steel being pickled, the amount of scale present, and the tem- 
perature and acidity of the bath. All except the very lerge plates are agitated 
_ in the bath. Inhibitors, wetting agents, and foaming agents » Which keep down 

vapor rising from the pickle liquor, are added at the discretion of the pickling 
‘foreman, The spent pickle liquor from batch pickling is dumped at a higher 
ferrous sulfate concentration and a lower acid concentration than can be dis- 
charged from continuous pickling because the latter is a relatively high-speed 
operation and the acid concentration in the continuous pickler tanks must be 
high, , my . «4 - 4 

SPENT PICKLE LIQUOR AS STREAM POLLUTANT 


Spent pickle liquor is the waste from the pickling operation and is gen- 
erally considered worthless, Batch picklers keep down the concentration of 
acid in dumped batches to as low as 1-1/2 or 2 percent, but usual prectice is 
governed by raximim steel-production schedules and calls for dumping at about 
>) percent acid, Continuous picklers rarely discharge solutions of more than 
. 1O percent acid, by weight. Ferrous. sulfate content of spent pickle liquor is 
near saturation, but there is only a smell market for this salt. Therefore, 
the liquor has been discharged into the local streams because that is the cheap. 


est form of disposal. 


However, with public awareness of the stream-pollution problem, this easy 
discharge has generally been made illegal by State ordinance, The Bureau of 
. Fisheries (1, p. 410)2/ has reported that test fish were killed in 50 to 70 
. Minutes by water at a pH of 3. Fish are killed by acid wastes because of pre- 
' Cipitation and coagulation of the micus on their gills and by coagulation of 
-the gill membranes themselves. Both the acid and the ferrous sulfate in spent 
pickle liquor, when dumped into streams, strip tnose streams of their protective 
devices by disrupting the balances of nature. Commmicable diseases are spread 
by contacts with streams thet have been thus stripped of their protective 


devices, Polluting a stream with spent pickle liquor is harmful to industry, 
and downstream factories are unreascnably burdened with expensive water- 
treatment plents because of spent pickle liquor discharged upstrean,. 


NEUTRALIZATION OF SPENT PICKLE LIQUOR 


_ The commonest practice for abating pollution from spent pickle liquor is 
neutralization (2). In neutralization the spent pickle liquor is reacted with 
lime or limestone in large installations that produce a sludge and a solution © 
saturated with calcium sulfate, ‘Some installations discharge the solution to 
the local streams and lagoon the sludge, others lagoon everything, and still — 

Others discharge the saturated solution to the local streams and use the sludge 
as an additive in ganufacturing cement. The discharged solution, saturated 


Underlined numbers in parentheses refer to ems in the bibliography at the 
end of the report. i ae HS : 
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with calcium sulfate, hardens the waters of the local streams, imposing an 
added treatment cost to those who mist use stream water in a manufacturing 
process, Lagoons for the sludge are necessarily huge because the sludge loses 
moisture very slowly. 


The operating cost of neutralization is said to be high. The cost to 
neutralize a ton of acid used for pickling is reported to be now somewhat 
higher than the original cost of the acid (3), free and combined as ferrous 
sulfate, which is discharged in spent pickle liquor, 


OTHER METHODS FOR TREATING SPENT PICKLE LIQUOR 


It is reported that some small steel plants are fortunate enough to be 
able to sell their spent pickle liquor entirely to pigment mamfecturers. Other 
small plants neutralize all the spent pickle liquor with scrap iron to form a 
ferrous sulfate crystal useful for sewage treatment and pharmaceutical and pig- 
ment manufacturing. Zinc, aluminum, copper, and other sulfate salts are also 
produced with spent pickle liquor (4); however, the market for all these prod- 
ucts is small. 


A proposal has been made to mix the spent pickle liquor with blast furnace 
slag in open pits (5). Another proposal has been made to combine the spent 
pickle liquor with Coke-oven gas to form ammonium sulfate (6); however, this 
method is handicapped because the coke-byproduct plant and the pickling depart- 
ments are invariably at opposite ends of a steel plant. Proposals have ee 
made to use the spent pickle liquor to leach low-grade manganese ores (7), 
the distance between the manganese deposits and steel plants is too great Pe 
this to be economical, A regenerative scheme takes advantage of the fact that 

ferrous sulfate is insoluble in certain aliphatic organic compounds (8 8); how- 
ever, inevitable loss of the organic compounds plus the need to remove water 
that accumulates in the pickling tanks may cause the process to be even more 
expensive than the neutralization methods, 


NEED FOR CONSERVATZON 


_.. The yearly consumption of sulfuric acid in the United States is expected 
to continue to increase, but the rate of supply of sulfur and pyrite for its 
manufacture is not expected to increase as rapidly (9). Disrupting shortages 
of sulfuric acid have occurred in the past and will continue to occur (10), 
Furthermore, the days of cheap sulfuric acid appear to be at an end, and all 
users of sulfuric acid must plan to economize. Spent pickle liquor contains 
not only the unvented ferrous sulfate but also free sulfuric acid, Analysis 
of typical spent pickle liquor reveals that 30 to 50 percent of the acid fed 
to a pickler is discharged as free acid. This discharge is not due to poor 
operation but to the need to discharge the ferrous sulfate that is in solution 
along with the free acid, | 


Coupled with the need to conserve pai Aarte- Gott dn the need Xo conserve 
the usefulness of the country's streams. The acuteness of this last need has 
given rise to regulatory statutes in many States. In order to conform to the 
regulations, the steel industry is spending millions of dollars annually for 
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new waste-disposal units, as well as for operating expenses of existing units. 
Some steel plants mst treat -thelr waste waters not only to conform to State 
regulations but to conserve vater, which to those plants is a scarce commodity. 
The Kaiser steel plant at Fontana, Calif., is an —— of the great efforts 
made by industrial plants to conserve weter (11). 


As has been stated before, the most common practice for abating pollution 
from pickle liquor is neutralization, When spent pickle liquor is neutralized 
not only is the free acid lost but also the lime used for neutralization. Neuw- 
tralization also consumes mich energy and manpower in transporting the sludge 
to lagoons. Furthermore, the huge lagoons required to receive the sludge from 
neutralization tie up land that could otherwise be used for production units. 


Therefore, for the spent-pickle-liquor problem a new approach is necessary 
that considers the need for conservation of materials, energy, and manpower, 
Regeneration of the liquor mst be carefully studied. | 


PEGENERATION PROCESSES THAT DEPEND ON EVAPORATION 


The dominant factor that keeps spent pickle liquor in the category of a 
problem is the fact that each steel plent has to dispose of or treat huge amounts 
of a very dilute acid solution. Available markets for the byproducts that could 
be manufactured with spent pickle liquor just-are not large enough. The prac- 
tice of combining the spent pickle liquor with acid rinse waters and other in- 
dustrial wastes presents additional obstacles to solving the problem, Neutrali- 
zation is a negative and very expensive solution. . The rational solution is to 
regenerate economically the useful constituents of spent pickle taquors 


The fundamental reason for discarding spent. pickle liquor is the need to 
remove ferrous sulfate, which would otherwise precipitate on the steel. The 
free acid in spent pickle liquor could be made available for reuse if it were |. 
disassociated from the ferrous sulfate and also concentreted to process re-. 
quirements. Therefore, early workers sought-to develop processes that would 
evaporate some of the water from the spent pickle oes to prectptyate end .. 
thus remove ferrous sulfate as erystals. | 


An early attempt svasc uted all the eater re @ kiln in which concurrently. 
the free acid was completely neutralized by iron oxide dust (12).. The ferrous. 
sulfate produced was rekilned to produce sulfur dioxide for a “contact sulfuric 
acid plant. The chemistry of this process is sound, but the attempted commer- 
cial-scale application failed owing to extensive corrosion .problems, Since — 
then a sintering plant has been proposed to replace the reducing kiln and an . 
atmospheric evaporator to replace the evaporating kiln (13). Despite these © 
changes, the entire process is still practical only for very large capacities 
and it consequentially requires a very large capital outlay for nomeuune that: 
did not succeed in counterpart, 


Another process calls for evaporation by spraying spent pickle liquor 
into a stream of hot combustion gases (14). This process is chemically sound 
but has not been put into commercial operation because of the sae aaa 


outlay required even for a plant of small capacity. 
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Submerged combustion to evaporate water from spent pickle liquor, and 
therefore to regenerate the liquor, is practiced in Great Britain (15). En- 
trainment of droplets of acid solution in the escaping gaseous products of 
combustion from the submerged combustion heater is unavoidable, therefore 
special equipment to remove the droplets mst be provided. Where the droplets 
are washed into the sewer an atmospheric-pollution problem can become a strean- 
polution problem. If this and related a can be solved economically, 
this process may be practical. 


Vacuum crystallization is a well-established and dependable method of 
evaporation. Operated at lower temperatures than atmospheric evaporation, it 
produces ferrous sulfate septahydrate, which mst be dehydrated for most ulti- 
mate uses. | 


The new Blau-Knox-Ruthner process is being given current publicity in 
steel trade journals (16). After evaporation, ferrous sulfate is reacted with 
hydrogen chloride gas to produce ferrous chloride and sulfuric acid. The spon- 
soring company states about this process, "Meanwhile, we want the industry to 
know about this development without encouraging premature proposals ." 


Regeneration by atmospheric evaporation is the most promising of all the 
regenerative schemes; but the acceptable process mst be operated in the most 
economical manner possible, and the process mist be carried out in a small, 
simple installation that does not interfere with the best pickling practices. 


PROPOSED PROCESS FOR REGENERATING SPENT PICKLE LIQUOR 


This proposed process for regenerating spent pickle liquor is integrated 
into the pickling operation and is controlled by the pickler's requirements 
for pickling steel. Regeneration is a closed system from which no liquor is 
discharged and only evaporated water and crystallized ferrous sulfate monohy- 
drate are removed, Process details, including materials and heat balances, 
are given in the appendix. Figure 1 is an overall flow diagram for regenere- 
tion; figure 2 a flow diagram for the regeneration plant; figure 3 a flow 
diagram for the continuous pickler; and figure 4 a flow diagram for the batch 

pickler, The size of the regeneration equipment applies to a hypothetical 
steel plant consuming 87-1/2 tons daily of 66° B. sulfuric acid for all pickling 
operations when no regeneration is practiced, 


Concentration of sulfuric acid in the steel-exit tank of the continuous 
pickler is kept as in current practice at about 25 percent by weight. By 
cascading a greater flow of pickle liquor through the other tanks, an acid 
concentration of approximately 20 percent is kept in the steel-entry tank, | 
This 20-percent acid solution overflows into a 2,000-gallon, lead-lined steel 
tank, from which it is pumped through lead-lined steel pipe peeled to the 
evaporator. | 


The acid concentration in the batch picker is kept constant at about 20 
percent acid by weight. The rate of flow of regenerated acid to the batch- 
pickler tank is adjusted to the quantity and type of steel being pickled, 
Overflow rate from the batch pickler tank into a 1,000-galion, lead-lined 
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Figure |. - Overall flow diagram for regeneration. 
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steel tank is a consequence of the flow of regenerated acid. The overflow is 
pumped to the evaporator through lead-lined steel pipe. ; 


A slurry of ferrous sulfate monohydrate crystals in a 35 percent H,S80},- 
5 percent FeSO), solation boiling at about 235° F. is kept in the evaporator. 
A pump circulates the slurry through the tubes of a one-pass heat exchanger 
at approximately 10 feet per second. Heat for evaporation is supplied by con- 
densing steam in the shell of the heat exchanger. The evaporator is lined 
with 1/h-inch lead sheet. The tubes of the heat exchanger are Hastelloy. From 
the slurry outlet pipe of the heat exchanger, a pipeline goes to the suction 
of a filter pump, which feeds the continuous pressure filter. The filter parts 
that are in contact with pickle liquor are either Hastelloy or lead-lined steel. 
The crystals are filtered hot under pressure because, in the temperature range 
of crystallization, their solubility increases with temperature drop. The wash 
water for the filter comes from the rinse tanks. The crystals from the filter 
are dumped to a wooden hopper from which they are dumped either to a truck or 
a gondola railroad car. The filtrate flows by gravity to a 10 ,000.gallon, 
lead-lined steel tank. This filtrate is an acid solution saturated with ferrous 
sulfate, To prevent precipitation of ferrous sulfate crystals from this solu. 
tion, the water makeup for the pickler tanks is added to the 10,000-gallon tank. 
This addition dilutes the regenerated pickle liquor to a solution that contains 
22.8 percent sulfuric acid and only 0.11 1b, of Fe per gallon (see fig. 1). 
Therefore, ferrous sulfate crystals cannot precipitate in the 10,000-gallon 
tank or in the pipelines to the pickler tanks. This water makeup is pumped 
from the rinse tanks, as described below, and delineated on figures 3 and 4, 
The vapors from the evaporator pass through an insulated, lead-lined cyclone, 
and any entrained solution removed. flows by gravity to the 10,000-gallon tank. 
All pumps except the filter pump ere paired with a spare. | 


To reclaim the maximum amount of acid carried over into the cold-rinse 
tank, improvements are recommended in rinsing (see fig. 3). The cold-rinse 
tank of the continuous pickler is equipped with a roll that will hold the 
strip above the liquid contents for a short space, The cold rinse water 1s 
recirculated through high-pressure sprays, which wash away carried-over acid 
solution from both faces of the strip being held above the liquid coztents. 
Cold-water makeup is added direct to the tank, and a wetting agent is added 
to facilitate washing. From the discharge of the spray pulp 4. pipeline sends 
ek of — cold rinse water as makeup to the 10,000-gallon tank 
see fig. 2). . a . 


A maximum of carryover acid is reclaimed similarly in the first rinse 
tank of the batch pickler (see fig. 4). This first rinse tank is also equipped 
with high-pressure sprays and a circulating pump. Makeup to the 10,000-gallon 
tank is taken from the discharge of this circulating pump. The steel is rinsed 
again in the second rinse tank for control. : 7 


It is proposed to locate mechanical devices, such as squeegee rolls, be- 
tween the cold-rinse tank and the hot-rinse tank similar to those between the 
pickling tank and the cold-rinse tank of the continuous pickler, Therefore, 
carryover of acidic cold rinse water into the hot-rinse tank is kept to a min- 
imm, In the batch pickler enough time ie taken to permit maximum drainage 
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before the steel is placed in the second-rinse tank. The volume of water flow 
to the hot-rinse tank of the continuous pickler and the second-rinse tank of 
the batch pickler is at constant, economically ‘maximm rates, The pH controller 
at the continuous pickler (see fig. 3) will cause an increase of water makeup 
to the cold-rinse tank if the pH falls low enough to prevdht satisfactory rins- 
ing. Likewise at the second-rinse tank of the batch pickler the pH controller 
(see tig. 4) will cause.an increase of water nakeup to the first-rinse tank if 
the pH falls. The sample of the hot rinse water activating the pH controller 
may be cooled for maximm efficiency. ; 


It is to be noted that, in this proposed method of regenerating spent 
pickle liquor, steel rinsing becomes a two-stép operation, The first rinsing 
step will use an amount of water, which will be approximately that needed for 
makeup to the pickler tank, Therefore a mximm amount of acid carried over 
on the steel surface will be reclaimed, Keeping the pH of the water from the 
second rinsing step high enough will complete the rinsing of the steel and 
obviate the need to treat any discharged rinse water. The pH control is pri- 
marily to protect the steel by assuring complete rinsing. 


_ From the 10,000-gallon tank a pwmp continuously sends the regenerated 
solution, diluted with the water makeup from the rinse tanks, beck to the 
pickler tanks (see fig. 2). Sulfuric acid makeup and pickling inhibitors are 
added to the pickler tanks. The concentration of iron in the aggregate feed 
to each pickler tank is kept down to only 1/10 pound of iron per gallon of 
feed solution, : 


INCREASED PICKLING CAPACITY; BETTER QUALITY CONTROL 


In current continuous pickling practice the tank from which spent pickle 
liquor is discharged is so low in acid concentration that pickling is very 
slight in that tank. The proposed process of regeneration calls for keeping 
@ high acid concentration in that tank. Therefore, with one more effective 
pickling tank in the line, speed of drip travel is increased through all the 
tanks, and production of pickled steel is consequentially increased. 


Under the proposed process of regeneration, in the batch pickler the 
steel is constantly exposed to a high acid concentration, Therefore, a very 
significant improvement vill be made over current pickling practice in which 
the steel. is being pickled for long periods with acid concentrations not quite 
low enough for dumping. Furthermore, with regeneration no time is lost | 
in dumping vetches, refilling, and reheating the contents of the pickler 
tank. At the begiming of a week, the batch left over from the previous week 
is ready. The continuous feed of regenerated solution is started, it over. 
flows to the regeneration plant, and pickling proceeda with no delays until _ 
the end of the week. Accumulations of dirt or other undissolved matter my 
be continuously removed through a scavenging system, Such a&stwin filters in- 


stalled in the pipeline to the regeneration plant. | | 
Steel production obviously will increase with this process of regenerat- 

ing spent pickle liquor. It would require pilct-plant studies made at a par- 

ticular steel plant to revesl what the incremee shall be for that steel plant. 
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In current practice of batch pickling, quality control of the product is 
made difficult because of the constantly changing acid and ferrous sulfate 
concentrations. However, with constant concentrations made possible by pickle 
liquor regeneration, better quality control will be achieved. | 


SUGGESTED USES FOR FERROUS SULFATE MONOHYDRATE REMOVED 


The ferrous sulfate. mnohydrate removed in the regeneration plant should 
not be discarded, Just how it should be used would be influenced by. the amount 
available from a particular steel plant or from a steelmaking area with severel 
plants, When the ferrous sulfate monohydrate available is equivalent to 200 
tons or more daily of 66° B., sulfuric acid, it could be roasted to produce a 
sulfur dioxide gas, which would be suitable for an economically attractive 
contact sulfuric acid plant. 


The Dorr Co, of Stamford, Conn., reports: 


Dry ferrous sulfate hydrate crystals may be used in a standard Dorr 
Co. pyrite roaster as a coolant instead of spray water to msorbd the exo- 
thermic heat of the pyrite oxidation. 


The decomposition of the hydrate crystals produces 805, which in- 
_. Greases the normal strength of the stack gases going to the sulfuric acid 
plant. Balanced roaster operation at 900° C. requires 0,8-1,0 tons of dry 
_. Wono- and dihydrate crystals per ton of pyrite feed, and the stack gases 
contain 18 to 22 percent SO0p on a dry basis. About 1.6 tons of mixed feed 
are required to produce 1 ton of 50,. Typical iron oxide calcines pro- 
duced contain less than 0.3 percent total sulfur (1.0 percent sulfide 


Ferrous sulfate hydrate crystals may also serve in a Fluosolids 
roaster as the only source of SOs for acid production. In this case de- 
composition is carried out at about 900° C. ina single-chanmbered reactor, 
and the heat of decomposition is provided by the combustion of a fuel 
directly in the fluidized bed of calcine. The decomposition of dry. 

_ FeS0),-2H20 requires 85 gallons of Bunker C oil per ton of SOo produced, © 
. and the stack gas analyzes approximately 10.5 percent 802, 1 percent 
CO,, and reminder No (dry bases), with small amounts of 02.. For the | 
production of 805 gas strong enough for commercial acid production, the | 
hydrate crystals fed to the reactor mst contain only 1-3 waters of hy- 
aration. Copperas (Fe@01,°7H20) must be pretreated to make an acceptable 
reactor feed. : : 3 7 7 | 


Predictions for the performance of Fluosolids roaster on ferrous 
sulfate hydrates and on mixtures of the hydrates and write are based on 
the resulte of small-scale pilot-plant tests and on the performance re- 
sults of large-scale standard pyrite roasters. : 


The Fluosolids roaster treats its charge with the well-known fluidization 


technique. By using fluidization, formation of 803 experienced in older types 
of roasters is kept to a minimm. Of particular interest to integrated steel 
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mills is that hydrogen sulfide gas may be used both as a fuel and as a source 

of sulfur, when added with air and the ferrous sulfate alone to a fluidization 
roaster, The hydrogen sulfur would be that removed from coke-oven gas, which 

is thus purified for use in the open hearth. 


For steel plants that do not produce enough ferrous sulfate monohydrate 
for a conventional sulfuric acid contact plant, the new auto-oxidation process 
may be economical, This auto-oxidation process, first proposed by the Bureau 
of Mines in 1927 (17) and improved by other contributors (18, 19), calls for 
roasting ferrous sulfate monohydrate to produce a sulfur aToxide gas. This 
sulfur dioxide is then bubbled along with air through a very dilute manganous 
sulfate solution to produce a liquor as high as 60 percent sulfuric acid by 
weight. The manganous sulfate is the catalyst for the process, and ozone is 
added to increase the acid concentration that may be produced efficiently. The 
above-discussed Fluosolids roaster may likewise be used to produce the sulfur 
dioxide feed for auto-oxidation. 


A complete sulfuric acid regeneration and recovery plant would utilize 
the ferrous sulfate monohydrate for its sulfur content in manufacturing 
sulfuric acid either in the conventional contact plant or in the auto-oxida- 
tion process, | 


For still similar amounts of ferrous sulfate monohydrate produced, there 
are other uses. Ferrous sulfate is used in pharmaceutical manufacturing, in 
fertilizer manufacture, as a weed killer, as a deodorizer, as a disinfectant, 
eas a decolorizer in the textile industry, for treating plating wastes, as a 
reagent in analytical chemistry, and for other uses, Ferrous sulfate oxidized 
to the ferric state is used in water purification and in sewage treatment as a 
coagulant. The iron content of ferrous sulfate is utilized, after the sulfate 
is removed, in manufacturing pigments and cosmetics and in illuminating gas 
purification, . 


DISCUSSION OF ENGINEERING FACTORS FOR REGENERATION 


This proposed process for regenerating spent pickle liquor is based 
largely on the negative solubility slope of ferrous sulfate in the temperature 
range 160° to 240° F, Selection of specific concentrations have been influenced 
by the work of Pearson and Bullough (20) of the British Iron and Steel Re. 
search Association. However, engineering design of the regeneration process 
conforms to current American pickling practice. A pilot-plant study of the 
process is recommended to affirm the engineering factors. The pilot plant 
must be operated in conjunction with production pickling of steel because the 
factors of increased aaa ia and better quality control are epyrene se to 
the worth of the process . 
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APPENDIX A - PROCESS DESIGN 


Basic Factors From Current Pickling Practice — 


A steel mill with a pickled-ateel production of 5,000 tons per day is 
used as a basis, Its sulfuric acid consumption, before regenerating the pickle 
liquor is taken to be 35 pounds.66° B. sulfuric acid per ton of steel pickled. 
The concentration of the spent pickle liquor from this steel plant, before re- 
generation, is taken to be H5S0,, 5 ‘percent, FeS0),, 18, and Ho0, 77. To cal- 
culate other basic factors, the following assumptions are made, which apply 
both before and after regeneration: 


1, 15 percent of the acid charged to a pickler is lost to rinse 
tanks, fume scrubbers, and uncontrolled overflow. The largest 
portion, 13.5 percent, is lost to the cold-rinse tank. 


2. The same amount of iron per ton of steel pickled would be re- 
moved as ferrous sulfate from the pickler tank, whether or not 
spent pickle liquor is regenerated.” 


3. Composition of the pickle liquor carried over by the continuous 
steel strip into the cold-rinse tank is, in percent: 25 “hs 
5 FeSO,,, and 70 Ho0; 5 _— re is equivalent to 3.2 
percent ala ~ * 


Therefore , for the basic ateel plant consumption is: 


(5,000 ‘tons steel) (35 ld. 66° B. acid), | 
day “tons stesl or 5 PEE B. sulfuric acid 


o aay 
_ 2,000 $55, | re 


Using assumption 1, 


87.5 (15 percent) = 13.125 tons 66° B. sulfuric acid per day is lost to. 
rinse tanks, fume scrubbers, and uncontrolled overflow. 87.5 - 13.125 
or 74.375 tons 66° B. sulfuric acid per day is lost in spent pickle 
Liquor. 


Since 66° B, sulfuric acid is 93.19 percent 82S0), by weight, 


13.125 (0.9319) 0.9 = 11.01 tons 280k (100 percent) is lost per day to 
rinse tanks. 


13.125 (0.9319) 0.1 = 1.22 tons H,80, (100 scohuaiil is lost per day 
otherwise. Y 


Using assumption 3, 


( sso 100 = 11.44 percent of the total equivalent H,S0), carried over 
by the steel strip into the rinse tank is that equivalent in Fe@0,. 
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Since 11.01 tons Ho80k (100 percent) is calculated to be lost daily to rinse 
tanks, 11.02 (0.1144) = 1.26 tons equivalent HoSO) (100 percent) is lost 
per day in FeSso) carried over into the rinse tanks... 


11.01 - 1.26 = 9.75 tons free HoS0} (100 percent) is carried daily over 
cay the rinse tanks. 


12.01 (0.124%) (55.85 = MW. of Pe = 0.72 tons Fe per day in the 
form of Fe60k is gaveied over into the rinse tanks. 


Further using assumption 35 


70 eBaeee 7 | 
Ca payy §22-o1} 27 230 tons Ho0 per day is carried over into the 
cold-rinse tank, 


Spent pickle. liquor with concentration of, 5 percent Ho60h,, 16 FeSO), and 77 
HoO has a density of 10.17 1b./gal. (21, p. 629) and contains 0.67 lb. Fe/gal. 
Eighteen percent Fe60) 1s equivalent to 11.62 percent H260k; therefore, 


100 percent: (tre) = 30 .08 percent of ‘equivalent B2S0h dis- 


charged in this spent pickle liquor is free H2S0h, and 100 percent - 
30.08 percent, or 69.92 percent, is equivalent H2S01, in FeSO}. 


Therefore, volume rate of spent pickle liquor asecharged by the basic stool 
plant perce regeneration is in effect is: ; - 
= 57 gee. 


tons 66° B. acidy = 1b. HoG0h\ . ;2,000 Ib, 
(74.375 ——a5 =- ) (=) 


11,62) = lb. H 10.17 lb. 
(ropa ee are (M0 win.) (IOa7 Be =) 


The iron discharged in this spent pickle liquor is: | 
55.85 = M.W. of Fe. | 2s 60 tons, 
Th 375 (0.9319) 0 6992 (SOF Tt MW. o f H60),) = “day 


Therefore: 


27,60 (269 9 =o MW, of F604 20) ~ oF tons FeGOh, 220 re produced in 
° We 0 nn." Sa 


the scutes operated regeneration plant. 


However, with regeneration in effect, by using 50 percent of the rinse-water- 
tank discharge as water makeup for the pickling tanks, 50 percent of the Fe60) 
in the rinse water is salvaged. This 50 percent is a conservatively low figure 
used for calculations, although the design of the plant calls for salvaging 
most if not all of the cold-rinse water, Therefore because 0.72 tons Fe per 
day are carried over into the rinse tanks, total production of pretre in the 
regeneration plant 1s; 
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Bh + — (169.9 = = MW, of FeSOh 20) | 85 tons. 
55 05 ba M.W. of Fe 


This 85 tons FeSOl.H20 is equivalent to 49.07 tons HpS0), (100 —_ and 
contains 9 tons HoO. It should be noted that using these basic factors, the 
steel's weight loss owing to pickling is calculated to be: 


100 (E160 + 0.72) = 0.57 percent, 


3 
Weights and Volumes of Flows for Regeneration 


The overall flow diagram and the concentrations of basic flows for the 
eee of spent pickle liquor are specified in figure a3 


To secure the weights and volumes of flows for secenevation:.. ,» calculations 
are made based on i00 tons of spent pickle liquor (20 percent HeS0i,, 11 percent 
ee to be regenerated as 35 percent HosSOk, 5 percent FeSOL: 


Let x = weight of HoO evaporated, 
y = weight of FeS0O),.Ho0 produced, 
(100-x-y) 0,35 = 20 tons HpS0), going to the regeneration plant, 
151.9 = MW. of FesOh = > (100-x-y) = Tons FeSO), 


ll - iy ( 7 
169.9 = MW. of FeSO,.Ho0 / 00 


in the solution discharged by the regeneration plant. 


It should be noted that 100-x-y includes both the moisture (which is of the 
same composition as the mother liquor) that is discharged with the FeSO .Ho0 
and the mother liquor itself that is discharged by the pressure filter for 
eventual return to the pickling tanks, 


Therefore, 11 - . y (F258), a ae ( 2g )=a2 86; 
60 that y = 9.10 tons Fesoh, +120 produced per 100 tons spent pickle Liquor to 
be regenerated. 


(100-x-9,10) 0,35 = 20 


Therefore x = 33.76 tons Ho0 sansietes per 100 tons spent pickle Liquor to 
be regenerated. | | 


For a day's operation in which 85 tons FeSO), H20 is produced 


85 (yp) = 934 tons spent pickle liquor is pumped daily to the 
regeneration plant. 
33.76 (232) = 315 tons Hj0 is evaporated daily at the regeneration plant. 
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It 16 now assumed that the 85 tons FeG0),.HoO has 4 tons of mother liquor, or 
regenerated solution, associated with it. Therefore the daily loss with the 
FeSO), .Ho0 cake is: 2 & 


2g (4) = 1.4 tons BeSOL, 
120 (+) = 0.2 ton FeS0k, equivalent to 0,13 ton HoSOk, 


= (4) = 2.4 tons Hoo. 


The overall material balance of regeneration is: 


| Tons [day 
Spent pickle Liquor to regeneration = 934 
FeSO HOO removed = 85 
Regenerated solution removed with the FeSO4,Ho0 = 4 
Ho0 evaporated = | | | 315 40k 
Regenerated solution returned to stobiiie tanec. | 530 


Volume rate of regenerated solution returned to pickling tanks = 


a. = 70 gal. (21, p. 629) 
min, ~~ . 
‘1,kho Feet (10.57 art) 


Volume rate of spent pickle liquor to regeneration plant = 


934 aay” **? Tons = 12h SL: (21, p. 629) 
1,4ho Foe (10.43 =) 


Sulfuric Acid Makeup for Regeneration 


Enough 66° B, sulfuric acid mst be added to the pickling tanks to mike 
up for miscellaneous losses and for the paorrenoe acid in the sa 
produced. _ m : . 
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Tons of 


free Hosoh Tons of 
(100 percent) equivalent 
- per day HoSOh per day 
FeSOk HOO produced (see p, 13) _ 49,07 
FeSO removed with the FeSO .H20 (see p. 14) 0,13 
HoSO removed with the FeSO) .HoO (see p. 14) 1.40 
FeSO, discharged by second rinse tank of batch 
| ' pickler and hot water tank of continuous 
pickler | 
1/2 (1.26) (see p. 12) 0.63 . 
HoSO discharged by second rinse tank of batch 
pickler and hot water tank of continuous 
pickler ° 
1/2 (9.75) (see Pe 12) = 4 88 
HoSO, Miscellaneous losses (see p. 11) 1.22 | 
: 1 259 a Lo 083 
ton HoSO | | , 
(7.50 + 49.83) — = 61.5 al B. sulfuric acid 
0.9319 ton HoSO} y 
= a = TS makeup must be added, 


It should be noted that: 


100 (87.5 - 61.5) = 29.7 percent saving in HoSO} consumption is 
ee sy i, effected when recycling only is practiced. Further 
_ processing the. FeSO} .H20 would salvage the greater 
part of the rest of the sulfuric acid lost in spent 
pickle liquor, 


Water Makeup for Regeneration | 


ere 5s Tons per day 
Evaporated water (see p. 13) | 7 325.0 
Removed in FeSOl..HeO produced (see p. 13) al 9.0 
Removed with FeSO) .HoO produced (see p. 14) 2 4 
HOO carried over to cold-rinse tank (see p, 12) 27 3 
| 353-7 
Condensed steam in pickling tanks (assumed and made to allow 
_ for miscellaneous losses) 50 
Water in 66° B. acid makeup (see p. 15) Co 
61.5 (1,00 - 0,9319) - 4.2 _ 5.2 
Makeup pumped from cold-rinse tanks to the pickler tank © — P99 oD 
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Composition of Aggregate Feed to Pickling Tanks 
— = day 


Regeneratod solution (see p,. 14) 
Condensed steam (assumed) 


HSO) makeup (see p. 15) 


9h6.51 671 7 aks. “18 26 .63 
100% l70 9TH 26 22%: 2.81% 


This feed has a density of 9.8 lb, per gal. and contains 0.10 lb. Fe per gal. 
(21, Pe 629). 


Heat Transfer at Regeneration Plant 


934 tons daily of spent pickle liquor at 203° F. and 20 percent HoSO},, is 
concentrated to 530 tons regenerated solution at 235° F. and 35 percent HoSO), 
by evaporating 315 tons Ho0 indirectly with steam and then removing 89 tons 
FeSO) .Ho0 gross. The steam source is 140 p.s.i.g. saturated, The temperature 
of the cooled condensate leaving the heat exchanger and entering the steam 
trap is 250° F, Therefore, the log mean temperature difference is 60,8° F, 
The distribution of the heat supplied is: 


Heat of vaporization: 


lb B.t B,&.w. per ony 
2 000 : 0) . oll, = 8. x 10 
Sensible heat: 
1b, 0.8 B eee. 6 
934 tons (2, 000 tons) “b> OF (235°F, - 203°F .) a 47.8 x 10 
Heat of crystallization (the negative of the heat of solution): 
85 tons (2,000 Jb. y (is 8 B.t.u. 1 cal, , 
105.9 M.W. FeSO, tons “Ib. mol. gm. ml. 
(1,350 cals). 13.2 x 10° 
gm. ml, 
Heat of dissociation (the negative of the heat of dilution): 
20 percent (934 tons) “tone (299-279) = (21, p. 310) 7.5 x 108 
Heat loss to environment: 7 é 
(assumed) | 2.2 x 10 
669 .2 x 100 
or 27.9 x 106 B.t,u. per hour is required heat transfer rate, : 
Assume a constant overall heat transfer coefficient of 190 B.t a: ; and 
sq. ft. 


constant specific heats. Therefore the required area of heat transfer = 
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6 B.t.u. : 
27.9 X10" he, 2,415 89. ft. 
190 B.t.U. : (60.8 Or .) 


Hr. 84 ft. 


LOO tubes, 1-1/2 inch 0.4. and 20 feet long, would supply this aree with a 
safety factor, | a | - 


Aseuming 95 percent efficiency of steam consumption, requirements are: 


27.9 x10 Betusfnr; ~  . 30,000 1b./nr. 
a B.t.u. 
0.95 (1194.6 —— 218.5 “te 


If the regeneration plant is too far away from the 140 p.s.i.g. steam boilers, 
the condensate formed by this steam may be utilized in the hot-rinse tank. 
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